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Abstract 
For revealing the effects of slip on such characteristics as friction force and load-bearing capacity of sliding bearing, shear flows of 
a Newtonian fluid with a varying partial slip surface were computed using finite volume method. Calculation results showed that 
slip would decrease the friction force, which however was not affected by the location of slip region. The load-bearing capacity of 
sliding bearing closely depended on the location of slip region, especially the locations of the starting and end points of slip region. 
A well-designed partial slip surface can improve the load-bearing capacity, otherwise slip would cause lubrication failure. 
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1. Introduction 
Over the past few decades, many evidences [1-4] 
have been found that the no-slip boundary condition is 
not always valid and there is a relative velocity between 
the fluid and the solid surfaces especially when the solid 
surfaces are coated with a self-assembled monolayer or 
constructed with nano/micro-scale patterns, these 
surfaces are also called superhydrophobic surfaces. The 
bearing characteristics such as the load-bearing capacity 
and friction coefficient are determined by the fluid 
dynamics of the film between journal and bearing. The 
fluid dynamics closely depend on the boundary 
condition of the fluid-solid interface. So the bearing 
characteristics will change significantly by applying the 
slip boundary condition. 
Many experimental [4-8] and Molecular Dynamic 
simulation [9-10] results demonstrated that the wall slip 
occurred only when the surface shear stress reached a 
critical value, and otherwise no slip occured, this is the 
so-called limiting shear stress model. The reported 
values of limiting shear stress for superhydrophobic 
surfaces are as low as 0.33 Pa [4], [11-12], so the 
superhydrophobic surfaces can be considered as a 
perfect slip surface which means that the value of the 
critical shear stress is equal to zero.[13-15] 
Some applications of the slip phenomenon have been 
clarified, such as friction reduction, the improvement of 
load-bearing capacity. Watanabe et al. [16] examined the 
slip effects in a circular pipe with a highly water-
repellent wall and reported that there was a 14% drag 
reduction. The advantage of slip on the improvement of 
mechanical seals has also been reported by Salant [17]. 
Fortier et al. [15] performed a numerical analysis on a 
slider bearing with a heterogeneous slip/no-slip surface, 
considering an ideal critical shear stress equal to zero, 
and found that the load-bearing capacity with slip was 
1.6 times that of the conventional bearing and slip could 
decrease the friction drag. All of the reported results 
showed that wall slip always caused a lower friction 
force.  
These studies mentioned above were all based on the 
classical Reynolds equation and the limiting shear stress 
model. Few attentions have been paid to the study on the 
influence of the position of slip region on lubrication 
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characteristics, especially the effect of the starting point 
of slip region. 
In this paper, the effects of the length and location of 
the slip region on such bearing characteristics as load-
bearing capacity, friction force and slip velocity are 
studied, especially some interesting influences of the 
position of slip region from the fluid inlet or outlet are 
revealed. The load-bearing capacity closely depends on 
how far the starting point of slip region from the fluid 
inlet and the end point of slip region from the outlet. For 
ignoring the effects of other factors, a part configuration 
of sliding bearing was studied and it was considered that 
the simplified configuration consisted of two infinitely 
wide parallel plates. The shear flows of a Newtonian 
fluid between the two infinitely wide parallel plates with 
a varying partial slip region on the stationary plate were 
computed by solving the discrete form of Navier-Stokes 
equations using finite volume method. 
2. Numerical model and methodology 
The simplified numerical model presents in Fig. 1. 
The upper plate moves at the velocity of V0, and is 
assumed to be fully wetted, which means that there is no 
boundary slippage. In order to reveal the effects of slip 
position, the stationary plate is divided into three 
regions: region a, region l and region b. The two regions 
a and b are also assumed to be fully wetted, named no-
slip regions. But it is assumed that region l is especially 
treated to become a superhydrophobic surface, which 
means that it is fully non-wetted and the critical shear 
stress is ideal and equal to zero. 
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Fig. 1. Numerical model of shear flow with partial slip surface. 
The length of plate L0 is 20mm, the gap of the two 
plates h is 10um, the distance from the fluid inlet to the 
location where slip occurs firstly (the length of region a) 
is from 0 to 15mm, and the length of slip region l is from 
5um to 15mm. The inlet pressure is equal to the outlet 
pressure, which means that this is a shear flow model, 
and the operating pressure of 10Mpa is applied to 
eliminate the negative pressure for simplifying the load-
bearing capacity calculation. The flow fluid is water 
with a constant density ²=998.2kg/m3 and viscosity ­
=1.003mPa s. The velocity of upper plate V0 is from 1 to 
100m/s, so the Reynolds number is approximately from 
20 to 2000. According to the reference value in 
textbook, the critical Reynolds number of converting 
laminar flow to turbulent flow is 2320 [18], so the 
studying object is a laminar flow. 
For the two dimensioned model and steady-state 
situation in this paper, there are no transient terms, then 
the classical Navier-Stokes equations and continuity 
equation for incompressible Newtonion fluid are 
simplified and given below:  
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Where u is the streamwise (x) velocity, v is the wall 
normal (y) velocity, and P is the static pressure. 
The solution domain is subdivided into a number of 
control volumes by a computational mesh. The 
discretization of governing equations are converted to 
integrate over the surface enveloping the control volume 
by a generalized form of the Gauss’s theorem. The finite 
volume approach was combined with the SIMPLE 
algorithm and the first-order up wind scheme. 
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Fig. 2. The effect of node number on load-bearing capacity. 
A careful check for the grid independence of the 
numerical solutions has been conducted to ensure the 
accuracy of the numerical solution. For this purpose, 
eleven grid systems 1k (10×100), 8k (20×400), 30k 
(30×1000), 50k (20×2500), 75k (30×2500), 100k 
(20×5000 and 10×10000), 150k (30×5000), 200k 
(20×10000), 300k  (30×10000) and 450k (30×15000) 
were tested, when a=5mm, l=10mm, V0=50m/s. It was 
considered that the system of 200k (20×10000) nodes 
was a good compromise between necessary accuracy 
3/( 10 )u
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and efficiency (Fig. 2), so it was used for all of the 
geometry configurations. 
3. Result and discussion 
The dimensionless length of slip region L is defined 
as the length of slip region l dividing by the length of 
plate L0. The dimensionless starting distance of slip A is 
defined as the distance from fluid inlet to the starting 
point of slip region (the length of region a) dividing by 
the length of plate L0. The dimensionless end distance of 
slip B is defined as the distance from fluid outlet to the 
end point of slip region (the length of region b) dividing 
by the length of plate L0. 
3.1. Effects on slip velocity 
The dimensionless slip velocity Vs is defined as the 
average velocity of fluid at the stationary-plate/water 
interface dividing by the velocity of upper plate V0. Fig. 
3 shows the relationship of dimensionless slip velocity 
changing with the dimensionless length of slip region for 
different starting points of slip region when the velocity 
of upper plate remains the value of 1m/s, the 
dimensionless starting distance of slip A is from 0 to 
0.75. The calculation results show that the dimensionless 
slip velocities are independent on the dimensionless 
starting distance of slip when the velocity of upper plate 
remains unchanged. But they increase with the 
dimensionless length of slip region. That is to say, if 
only the area of slip region does not change, the slip 
velocity will remain unchanged, even if the locations of 
slip region are different. And it is easy to understand that 
the longer is the slip region, the higher is the velocity of 
fluid at the fluid-solid interface. 
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Fig. 3. The graph of slip velocity as function of length of slip region. 
Fig. 4 shows the changing relationship between the 
dimensionless slip velocity and the dimensionless length 
of slip region, when the dimensionless starting distance 
of slip A is equal to 0.25 and the velocity of the upper 
plate is from 1m/s to 100m/s. The dimensionless slip 
velocity decreases with the increase of the velocity of 
the upper plate when the length of slip region remains 
unchanged. The dimensionless slip velocity increases 
much faster with the length of slip region, when the 
velocity of upper plate is much lower. 
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Fig. 4. Slip velocity vs. length of slip region for different velocities of 
the upper plate when A=0.25. 
3.2. Effects on friction force 
The friction force is calculated by integrating the 
shear stress over the surface area. The dimensionless 
friction force is defined as the friction force in the case 
when there is a slip dividing by that in the case when the 
length of slip region is equal to zero. The calculation 
results demonstrate that a decrease in friction force can 
be achieved, if there is a boundary slippage at fluid-solid 
interface, just as other researchers have reported. Fig. 5 
shows how do the dimensionless friction forces change 
by varying the length and location of slip region, when 
the velocity of upper plate remains the value of 10m/s. 
The decrease in friction force is not affected by the 
location of slip region, and it only depends on the length 
of slip region. The greater is the area of slip region, the 
larger is the decrease in friction force. The effects of the 
length of slip region and the velocity of upper plate on 
the dimensionless friction forces are shown in Fig. 6, 
when the dimensionless starting distance of slip A 
remains unchanged and is equal to 0.25. The reduction 
degree of friction force becomes more and more great as 
the length of slip region increases. But the reduction 
degree of dimensionless friction force is much greater 
when at lower velocity of upper plate than that when at 
higher velocity, the difference is becoming more and 
more significant as the length of slip region increases. 
As above mentioned, increasing the area of slip region is 
a very effective means to improve the friction 
performance and decrease the friction drag. 
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Fig. 5. Friction force as function of length of slip region for different 
Bs when V0=10m/s. 
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Fig. 6. Comparison of friction force for different V0s. 
3.3.  Effects on load-bearing capacity 
As reported by other researchers, slip could improve 
the load-bearing capacity of sliding bearing, the 
calculation results in this paper also confirmed it. But the 
results also show that slip may also decrease the load-
bearing capacity and cause a lubrication failure, and it 
depends on the location of slip region. When slip causes 
a decrease in load-bearing capacity, lubrication failure 
would occur if such a heavy load equal to that when the 
classical no-slip condition was applied to the total 
surface were still applied to the bearing. The load-
bearing capacity of sliding bearing is defined as the total 
force that the fluid applied to the plate. And the 
dimensionless load-bearing capacity is defined as the 
load-bearing capacity in the case when there is slip 
dividing by that in the case when the length of slip 
region is equal to zero. 
If all the no-slip regions (region a and region b) are 
also treated to be superhydrophobic surfaces, which 
means that slip occurs on the whole stationary plate, the 
load-bearing capacity is much smaller than that in the 
case when the no-slip condition is applied through the 
whole stationary plate. When the velocity of upper plate 
is equal to 100m/s, the load-bearing capacity in the case 
when slip condition is applied through the whole 
stationary plate is about 0.877 times of that in the case 
when no-slip condition is applied through the whole 
stationary plate, as shown in Fig. 7. 
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Fig. 7. Dimensionless bearing capacity as function of length of slip 
region for different As and Bs when V0=100m/s. 
Fig. 7 shows how do the load-bearing capacities vary 
with the length of slip region, when the starting point 
and end point of slip region are changed, but the velocity 
of upper plate remains the value of 100m/s. The load-
bearing capacity of sliding bearing is significantly 
affected by the length and location of slip region, 
especially the location of the starting and end point of 
slip region. 
When the starting point of slip region locates near the 
fluid inlet (A<0.5) and remains unchanged, the load-
bearing capacity firstly increases with the length of slip 
region, until reaches a maximum, then decreases with 
the length of slip region. When the starting point of slip 
region locates at the plate centre or near the fluid outlet 
(Aı0.5), no matter how long is the length of slip region, 
the load-bearing capacity is smaller than that when the 
length of slip region is equal to zero. That is to say, the 
slip causes a lubrication failure. And as the length of slip 
region increases, the load-bearing capacity becomes 
more and more small. 
When the end point of slip region locates at the plate 
centre or near the fluid outlet (Bİ0.5) and remains 
unchanged, the load-bearing capacity firstly decreases 
with the length of slip region and then increases after 
reaching a minimum. The dimensionless end distance of 
slip B is defined as the distance from fluid outlet to the 
end point of slip region dividing by the length of plate. 
When the end point of slip region locates near the fluid 
inlet (B>0.5), no matter how long is the length of slip 
region, the load-bearing capacity is greater than that 
when no-slip condition is applied to the whole surface, 
and increase with the length of slip region. 
The conclusion can be drawn that as long as there are 
some parts of slip region locate at the half part of the 
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plate near the fluid outlet, there is a negative effect of 
slip on the increase in load-bearing capacity. As we 
known, fluid static pressure would provide the support 
capacity of fluid film. Fluid static pressure will decrease 
gradually in no-slip region because of the friction force 
at the fluid-solid interface, but in ideal slip region the 
fluid static pressure will increase. When the distance of 
the slip region from the fluid outlet is too small, the fluid 
static pressure is limited to increase too much in the 
situation of pure shear flow, because the inlet pressure is 
equal to the outlet pressure. So the load-bearing capacity 
will be decreased. 
It also can be achieved that when the dimensionless 
starting distance of slip is equal to the dimensionless end 
distance of slip (A=B), as a function of the length of slip 
region the dimensionless load-bearing capacity curves 
demonstrate a symmetry feature, as shown in Fig. 7. The 
load-bearing capacity distributions varying with the 
length of slip are shown in Fig. 8, when the velocities of 
upper plate are different, but the starting point and end 
point of slip region remain unchanged (A=B=0.25). 
They also demonstrate a symmetry feature. 
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Fig. 8. Comparison of load-bearing capacity distribution for different 
V0s when A=B=0.25. 
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Fig. 9. Dimensionless load-bearing capacity when slip regions are 
symmetrical about the plate centre. 
The calculation results also show that the impacts of 
slip regions locating on the two sides of plate centre are 
balanced. When the centre of slip region locates at the 
plate centre, the effects of slip regions locating on the 
two sides of plate centre offset each other, and the load-
bearing capacity is equal to that when the length of slip 
region is equal to zero, as shown in Fig. 9. That is to say, 
if the areas of slip region locating on the two sides of the 
plate centre are equal to each other, the increase of load-
bearing capacity is equal to the decrease of load-bearing 
capacity. 
For the pure shear flow, so it can be thought that the 
effect of slip on the load-bearing capacity is favourable 
when the slip region locates at the half part of the plate 
near the fluid inlet. But the effect of slip on the load-
bearing capacity is unfavourable when the slip region 
locates at the half part of the plate near the fluid outlet. 
These results are caused by the static pressure 
distributions along the channel. When the no-slip 
condition is applied to the whole surface, the static 
pressure firstly decreases, because of the friction force, 
and then increases by the reason that the inlet pressure is 
equal to the outlet pressure. So the pressure along the 
flow channel is always lower than that at inlet and outlet. 
When there is a slip region on a solid surface, the fluid 
pressure firstly reduces in the no-slip region locating 
near the fluid inlet, then increases when fluid flows into 
slip region, and quickly becomes higher than the inlet 
pressure. When fluid flows into no-slip region locating 
near the fluid outlet, the fluid pressure becomes to 
decrease again, and finally reduces to value of the outlet 
pressure. 
4. Conclusion 
This study demonstrates the advantages of a well-
designed partial slip surface to the improvement of 
friction force and increase in the load-bearing capacity 
of sliding bearing. The decrease of friction force at fluid-
solid interface only depends on the area of slip region, 
and is independent on the location of slip region. In 
order to improve the friction performance and decrease 
the friction force, increasing the area of slip region in the 
solid surface is the only very effective method. The 
decrease of friction force is proportional to the area of 
slip region. The slip velocity increases with the area of 
slip region, and is also not affected by the location of 
slip region. 
The effect of slip on load-bearing capacity is much 
more complex, load-bearing capacity closely depends on 
the length and location of slip region, especially the 
locations of the starting and end points of slip region. 
The conclusion can be summed up that if the fluid flow 
is a pure shear flow, the impacts of slip region locating 
near the fluid inlet and that locating near the fluid outlet 
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on the load-bearing capacity are opposite, and equal to 
each other. Slip can significantly improve the load-
bearing capacity when slip region locates near the fluid 
inlet. But slip will cause the decrease of load-bearing 
capacity when slip region locates on the fluid outlet side. 
When the slip region is symmetrical about the plate 
centre, the load-bearing capacity is equal to that when 
the no-slip condition is applied to the whole surface. So 
for increasing the load-bearing capacity, only treating 
the surface near the fluid inlet to be a slip surface is 
effective. And in order to avoid lubrication failure, the 
area of slip region locating near the fluid outlet must be 
smaller than that of the slip region locating near the fluid 
inlet. 
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